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ABSTRACT 

In January 2009, multiple short bursts of soft gamma-rays were detected 
from the direction of the anomalous X-ray pulsar IE 1547.0-5408 by different 
satellites. Here we report on the observations obtained with the INTEGRAL 
SPI-ACS detector during the period with the strongest bursting activity. More 
than 200 bursts were detected at energies above 80 keV in a few hours on January 
22. Among these, two remarkably bright events showed pulsating tails lasting 
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several seconds and modulated at the 2.1 s spin period of IE 1547.0-5408. The 
energy released in the brightest of these bursts was of a few 10 43 erg, for an 
assumed distance of 10 kpc. This is smaller than that of the three giant flares 
seen from soft gamma-ray repeaters, but higher than that of typical bursts from 
soft gamma-ray repeaters and anomalous X-ray pulsars. 

Subject headings: gamma rays: bursts — gamma rays: observations — pulsars: 
individual (IE 1547.0-5408) — stars: neutron 



Introduction 



The soft gamma-ray repeaters (SGRs) are a small group of high-energy sources that 
emit short (<1 s) bursts of soft gamma-rays with peak luminosities up to 10 41 erg s _1 
during sporadic periods of activity. Much more rarely they emit giant flares, releasing 
up to 10 46 ergs. SGRs are thought to be magnetars, i.e. isolated neutron stars whose 
per sistent and bursting emission is po wered by extremely high magnetic fields, B > 10 14 -10 15 
G ( {Thompson fc Duncan! Il995l . Il996l ). In recent years bursts similar to those of SGRs have 
been det ected also from members of another c lass of sources, th e anomalous X-ray pulsars 
(AXPs) (jGavriil et al.l 120021 : iKaspi et al.ll2003l ; llsrael et al.ll2008l ). Evidence is accumulating 
that there might not be any physical reason to distinguish among these two groups of neutron 
stars, with their different classification reflectin g only the way they were originally discovered. 
A recent review of AXPs and SGRs is given in iMereghettil (120081 ). 



The source discussed here, IE 1547.0-5408, was discovered almost 30 years ago (ILamb fc Markert 



198ll ). but it attracted little atte ntion until it was proposed as a possible AXP on the basis 



of new X-ray and optical studies (IGelfand fc Gaensler 



20071 ). The source is transient, and it 



is located in the supernova remnant G 327.24-0.13. The discovery of radio pulsations with 
period P = 2.1 s and period derivative P = 2.3 x 10~ n s s _1 confirmed the AXP classification 



(ICamilo et al.ll2007f ). 



In early 2008 October IE 1547.0-5408 showed enhanced X-ray activity, with the emis- 
sion of several short bursts in a few days, accompanied by an increase in its persistent X-ray 
flux (Israel et al., in preparation). No further bursts were reported after that until the 
source started a new period of s trong activity o n 2009 January 22, as testified by the numer- 



von 



ous bursts detected with Swift (lGronwallll2009l ). Fermi /GBM (IConnaughton fc Briggsll2009 
Kienlin fc Connaughtonll2009h. INTEGRAL rtSavchenkolbood: lMereghettill20q9h . 



rtTeradal l2009h . Konus- Wind ! jGolenetskiil l2009ah and RHESSI (feellm et alJboogR T Here we 
report on observations obtained with the SPI-ACS instrument on board the INTEGRAL 



Suzaku 
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satellite that provided uninterrupted monitoring of the most active bursting period, thanks 
to its highly elliptical orbit. 



Results 



The Anti- Coincidence Shield (ACS) of the SPI instrument (IVedrenne et al.l 120031 ). be- 
sides serving to veto the background in the germanium spectrometer, is routine ly used as a 
nearly omni-directional detector for gamma-ray bursts (jvon Kienlin et al.l 120031 ). It consists 
of 91 bismuth germanate (BGO) scintillator crystals of thickness between 16 and 50 mm that 
provide a large effective area at E > 80 keV for most directions. The data used here consist 
of the overall light curve resulting from the OR-ed veto signals of all the ACS crystals. The 
time bin is 50 ms, and no energy and directional information is available. 

During the burst observations of 2009 January 22, the INTEGRAL pointing direction 
varied by less than ~ 10°. The change in the ACS effective area resulting from the varying 
instrumental direction is negligible. We therefore used for the whole analysis the instru- 
mental response computed for the zenith and azimuth of IE 1547.0-5408 at the time of the 
event with the largest fluence (burst n. 149, see below). These are 8 = 61° (from the SPI 
pointing axis) and <fi = 322° (</> = 0° corresponds to the satellite Sun-pointing side, i.e. the 
direction from SPI toward the IBIS instrument). The ACS effective function of 

energy was computed with Monte Carlo simulations based on a detailed mass modelling 
of the SPI spectro meter and surround ing material, including the satellite structure and 
other instruments (Sturner et al.l 120031 ). These simulations were carried out using MGG- 
POD ( Weidenspointner et al. 20051 ). a suite of Monte Carlo tools developed for modelling 



high energy astronomy instruments. In a similar way we computed the ACS effective area for 
the satellite orientation corresponding to the bright burst of January 25, which was observed 
close to the on-axis direction (8 = 5°). 

The light curve covering the most active period is shown in Fig. [TJ During the observa- 
tion of the bursts, the background count rate in the ACS was stable, within 1%, at 1.23 x 10 5 
counts s -1 . Adopting a flux threshold at 5cr above the background, 233 bursts were detected 
from 18:11 UT of January 21 to 4:27 UT of January 23. Their peak fluxes, over a time 
integration interval of 50 ms, cover the range from ~ 10 4 to more than 10 6 counts s _1 
while the fluences span the range from ~ 500 to ~ 2 x 10 6 counts. We derived the distri- 
butions of peak fluxes and fluences and fitted them using the Maximum Likelihood method 



1 While dead time and saturation effects in the ACS crystals and electronics are negligible (<1%) below 
a few 10 5 counts s _1 , the results for fluxes above this level should be considered as lower limits. 
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Fig. 1. — Light curve of IE 1547.0-5408 obtained with the SPI-ACS during the most active 
period on 2009 January 22. The time binning is 50 ms. 
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Fig. 2. — SPI-ACS light curves of a few bursts observed on 2009 January 22. See Table [H 
for their properties. 
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Fig. 3. — SPI-ACS light curves of the two longest bursts seen from IE 1547.0-5408 on 2009 
January 22. Note that the initial spike of the 6:48:04 UT burst was probably brighter than 
shown in the figure, due to the non negligible instrumental dead-time at high count rates. 
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( ICrawford et al.lll970l ). Assuming a power-law distribution with index a for the integral 
distributions (N(>S) oc S~ a ), we obtained a = 1.03 ± 0.08 for the peak flux distribution, 
and a = 0.75 ± 0.06 for the fluence distribution. 

The time distribution of the bursts is strongly non-uniform. Most of them are clustered 
in two time intervals, from 4:34 to 5:28 UT and from 6:43 to 6:51 UT on January 22. The 
total fluence of all the bursts detected in these two time intervals are of ~ 1.5 x 10 6 and ~ 
2.8 x 10 6 ACS counts, respectively. We computed the phases of the onset time of each burst 
with respect to the neutron-star rotation, based on a phase-connected timing solution we 
derived from Swift /XRT data. We found that the burst onset times are not correlated with 
the neutron-star rotation phase. 

The light curves of a few bursts, including that of the brightest one (burst n. 121, at 
06:45:14 UT), are shown in Fig. [2J The properties of the brightest events are given in Tabled) 
Two bursts had durations longer than the spin period of IE 1547.0-5408 and clearly showed 
a modulation at 2.1 s (see Fig. [3]). They occurred at 6:48:04 UT (burst n. 149) and 8:17:29 
UT (burst n. 176). The first burst was brighter, it started with a very bright and short initial 
spike (~0.3 s) followed by a ~8 s long pulsating tail. About 2.5 s later a second ~0.9 s long 
burst (burst n.150) was observed, whose profile is not in phase with the preceding pulses. 

To estimate the energetics of these events we must assume a spectral shape, since no 
energy resolution is provided by the ACS detectors. SGR bursts are well fit in the hard X- 
ray range by thermal bremsstrahlung spectra with temperatures of ~20-40 keV. The bright 
burst of January 25 



see last line of Table [T]) was in the field of view of the IBIS instrument 
( jUbertini et al.l 12003). We could theref ore analyze its 15-300 keV spectrum measured with 



the ISGRI detector jLebrun et al.lliooah . obtaining a bremsstrahlung temperature of kT=46 



keV0. We therefore adopt in the following an optically thin thermal bremsstrahlung with 
kT = 40 keV to convert the ACS count rates. With this assumption, the fluence (25 keV-2 
MeV) of the pulsed tail of burst n. 149 is ~ 2.5 x 10~ 4 erg cm -2 . Extrapolating this spectrum 
to lower energy, and assuming isotropic emission, we derive a total energy (at E > 1 keV) in 
the pulsating tail of ~ 2.4 x 10 43 d\ okpc erg. Note that this is a conservative estimate, since 
a lower temperature would result in a higher luminosity. The corresponding values for the 
second pulsed burst (n. 176), which was slightly shorter, are a factor ~ 4 smaller. 

The initial spike of burst n. 149 reached a peak count rate of 1.5 x 10 6 counts s _1 
(AT = 50 ms) and was surpassed in intensity only by burst n. 121 that occurred about 
three minutes earlier. In both cases, only lower limits to the flux can be derived, due to 



2 Due to the burst brightness, which saturated the ISGRI telemetry, it was not possible to obtain also a 
measure of the peak flux and fluence. 
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the non-linearity of the ACS response at such high count rates. The latter are reported in 
Table [U again for an assumed kT = 40 keV thermal bremsstrahlung spectrum. However, it is 
likely that these bursts had significantly harder spectra. In fact, the initial spikes observed 
in giant flares from other three SGRs had spectra significantly harder than those of the 
pulsating tails. Evidence for harder spectra was also reported in oth er bright bursts fr om 
IE 1547.0-5408 observed with Kobub/ Wind on January 25 and 29 JGolenetskiil l2009bl ldY 
For example, an exponentially cut-off power law with photon index T = — 1 and E cut = 400 
keV, results in 25 keV-2 MeV fluxes and fluences about 30% smaller than those reported 
in Table [TJ Extrapolating this spectrum, gives lower limits to the peak luminosity of 6 and 
5 x 10 42 dl Qkpc erg s _1 (E > 1 keV) for bursts n. 121 and n. 149, respectively. 



3. Discussion 



The strong activity shown by IE 1547.0-5408 on 2009 January 22, with the emission 



Kaspi et al. 


(2003): 


Israel et al. 


(2008) 



50 bursts were recorded in 10 minutes. The high fluence emitted in this short time interval is 
most likely responsible for the expanding dust scattering hal os discovered in Swift /XRT X- 



ray images obtained about one day later (ITiengo et al.ll2009i ). We can exclude the presence 



of other periods of comparably high bursting rate in the few preceding days, except for the 
time interval from 4:30 to 14:30 UT of January 20, when INTEGRAL was at perigee. 

On January 22 IE 1547.0-5408 also emitted a few bursts remarkable for their luminosity 
and duration, including one (n. 149) showing a bright and short spike followed by a pulsat- 
ing tail. The burst was preceded by a short precursor, but, considering the high rate of 
bursts, it is not clear whether this was physically related t o the bright burst. These features 



of the light curve are typical of giant flares from SGRs (jMazets et al.l Il979l ; iHurley et al. 



19991 : IPalmer et al.ll2005l : iMereehetti et al.ll2005l : iHurlev et al.ll2005f ). Therefore, despite the 
uncertainties due to the poorly constrained distances and possible spectral differences, it is 
interesting to compare the energetics of the IE 1547.0-5408 burst n. 149 with that of the 
three historical giant flares from SGRs. Some properties of such events are summarized in 
Table 2, where also a few other peculiar bursts and flares from SGRs and AXPs are listed 
for comparison. 

It is evident that the energy released in the pulsating tails of the giant flares of SGR 0526- 
66, SGR 1900+14, and SGR 1806-20 was much higher than the value of a few 10 43 erg we 
derived for IE 1547.0-5408 (unless its distance is much larger than 10 kpc). However, the 
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Table 1: Bursts with peak flux higher than 10 5 ACS counts s 1 . 



ID 


Start UT 


Duration 


Peak flux w 


Fluence^ 


Notes 




Jan 22 


(s) 


1 n — 5 —2 —1 

10 erg cm s 


10 erg cm 




28 


2 46 57.0 


1.70 


1.83 ± 0.04 


1.101 ± 0.011 




33 


3 13 33.2 


0.35 


3.16 ± 0.05 


0.643 ± 0.006 




35 


3 50 38.1 


1.30 


2.22 ± 0.04 


0.787 ± 0.010 




47 


4 39 04.9 


0.95 


5.30 ± 0.05 


1.099 ± 0.009 




71 


4 57 29.8 


0.65 


1.08 ± 0.04 


0.381 ± 0.007 




73 


4 58 03.0 


0.20 


1.82 ± 0.04 


0.234 ± 0.004 




80 


5 17 44.1 


0.15 


5.23 ± 0.05 


0.483 ± 0.004 




82 


5 17 48.2 


0.55 


1.63 ± 0.04 


0.521 ± 0.007 




85 


5 17 51.7 


0.45 


12.57 ±0.07 


1.914 ± 0.008 




89 


5 18 01.7 


0.20 


3.35 ± 0.05 


0.339 ± 0.004 




92 


5 18 32.9 


0.10 


2.97 ± 0.05 


0.221 ± 0.003 




93 


5 18 39.5 


1.00 


3.17 ± 0.05 


1.442 ± 0.009 




98 


5 26 52.9 


0.25 


2.34 ± 0.04 


0.359 ± 0.005 




106 


6 38 27.9 


0.25 


1.96 ± 0.04 


0.265 ± 0.004 




108 


6 41 02.1 


1.00 


3.95 ± 0.05 


2.354 ± 0.010 




117 


6 44 36.4 


1.75 


2.71 ± 0.05 


1.928 ± 0.012 




119 


6 45 00.2 


0.20 


2.20 ± 0.04 


0.213 ± 0.004 




120 


6 45 12.3 


0.20 


1.72 ± 0.04 


0.184 ± 0.004 




121 


6 45 13.9 


1.45 


>26.27±0.09 


> 4.587 ± 0.013 


brightest 


130 


6 46 14.8 


0.15 


1.51 ± 0.04 


0.106 ± 0.003 




141 


6 47 57.1 


0.35 


13.10 ± 0.07 


1.819 ± 0.007 




147 


6 48 02.9 


Air 

0.15 


2.78 ± 0.05 


0.169 ± 0.003 




149 


6 48 04.3 


8.15 


>22.31 ±0.09 


> 27.759 ±0.031 


total 


149-s 


6 48 04.3 


0.30 


>22.31 ±0.09 


> 2.308 ±0.008 


initial spike 


149-t 


6 48 04.6 


7.85 


10.34 ±0.06 


25.451 ± 0.030 


pulsed tail 


150 


6 48 15.1 


0.85 


1.13 ±0.04 


0.584 ±0.008 




156 


6 49 49.0 


0.25 


8.54 ±0.06 


0.826 ±0.005 




164 


7 5 56.8 


0.35 


1.80 ±0.04 


0.463 ± 0.005 




166 


7 31 15.3 


0.35 


1.63 ±0.04 


0.311 ±0.005 




176 


8 17 29.4 


6.20 


2.75 ±0.05 


6.588 ±0.022 


pulsed 


Jan 25 


8 43 41.6 


0.45 


21.68 ±0.17 


3.328 ±0.020 





( a ) In the range 25 keV-2 MeV, assuming a thermal bremsstrahlung spectrum with kT = 40 
keV. 
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difference is mainly due to the shorter duration of the IE 1547.0-5408 pulsed tail. In fact 

the tails following the three historical giant flares lasted a few minutes, but their average 

luminosity (~ 3x 10 41 -10 43 erg s _1 ) was not too different from that observed in the pulsating 

tail of IE 1547.0-5408 (~ 3 x 10 42 d 2 , erg s" 1 ). 

v 10 kpc & ' 

Comparison of the initial spikes' energetics is more difficult, since the effects of saturation 
and spectral uncertainties could be larger. However, also in this case, it is clear that the initial 
spike of burst n. 149 involved a significantly smaller energy than those of the giant flares. 
From the point of view of the total energy, this event was more similar to the intermediate 
flares or to some of the brightest bursts observed in other SGRs, such as the 1998 October 28 
and the 2001 July 2 events from SGR 1900+14, but owing to its shorter duration it reached 
a higher peak luminosity. Another notabl e difference with respect to the three gian t flares 



is that the latter had very short rise times (jMazets et al.lll999bl ; iSchwartz et al.ll2005l ). while 
the initial spike of burst n. 149 showed a slow rise to the peak, that could be resolved in 4 
ACS time bins (50 ms each). We note that the characteristic time-scales over which bursts 
develop can give information o n the location of the energy source and on the mechanisms 
responsible for their triggering ([Thompson fc Duncan! Il995l ; lLyutikovll2006l ). Instabilities in 
the magnetosphere, where the Alfven velocity is close to the speed of light, can develop 
on short timescales. Longer timescales are expected for the release of energy stored in the 
neutron-star crust. 

The differences mentioned above suggest that burst n. 149 is not of the same nature of 
the giant flares. Most likely this event, and the other bright bursts observed from IE 1547.0- 
5408, are just "normal" SGR bursts with extreme properties. This is also supported by 
the fact that their peak fluxes and fluences are in agreement with the distributions of these 
quantities derived from the other bursts. 

The second pulsed burst from IE 1547.0-5408 (n. 176) did not start with a bright short 
spike. The lack of such a feature could be related to the lower fluence of this burst (a factor 
~4 smaller than that of burst n. 149) or simply to the initial spike being beamed in a different 
direction from ours. A similar situation occurred in the flare observed from SGR 1900+14 



on 2001 April 18 (IGuidorzi et al.l 120041 ) . It is not surprising that pulsations are seen in all 
the bursts with a sufficiently long duration. IE 1547.0-5408 has the shortest period among 
SGRs and AXPs, and long bursts are rare. In other objects of this class pulsating tails 
could only be seen after particularly energetic events. The pulsating tails in IE 1547.0-5408 
could be due to magnetically trapped fireballs, similar to the case of giant flares, even if 
the mechanism responsible for the initial energy injection is different. Alternatively, they 
could result from localized regions on the neutron-star crust, possibly heated by the same 
mechanisms that produced the burst. In the latter case their modulation would not be 
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Table 2: Main properties of giant flares and other prominent bursts from SGRs and AXPs. 



Source 


Fluence 


Notes (a) 


Duration 


Energy 1 ^ 


Spectrum 1 ^ 


Ref.W 


Date 


(erg cm~ 2 ) 




(s) 


(erg) 


(keV) 




IE 1547.0-5408 (d = 10 kpc) 


2009-01-22 


> 4.6 x 10~ 5 (>25 keV) 


121-B 


1.45 


> 4 x 10 42 


kT ~ 40( £ ) 






>1.8 x 10~ 5 (>25 keV) 


149-IHS 


0.3 


>5 x 10 41 


kT ~ 400^ 






2.5 x 10~ 4 (>25 keV) 


149-PT 


—8 


2 x 10 43 


kT ~ 40 (e) 






6.6 x 10~ 5 (>25 keV) 


176-PT 


6.2 


6 x 10 42 


kT ~ 40( £ ) 




SGR 0526-66 (d = 55 kpc) 


1979-03-05 


4.5 x 10~ 4 (>30 keV) 


IHS 


0.25 


3 x 10 44 


kT rsj 500 


M99 




10~ 3 (>30 keV) 


PT 


~200 


3 x 10 45 


kT 30 




SGR 1900+14 (d = 15 kpc) 


1998-08-27 


>5.5 x 10-3 (>15 keV) 


IHS 


0.35 


>3 x 10 44 


kT ~ 300 


M99 




4.2 x lO- 3 (>15 keV) 


PT 


~400 


2 x 10 45 


kT 20 




1998-08-29 


1.9 x 10~ 5 (>25 keV) 


B 


3.5 


2 x 10 42 


kT 16 


101 




2.5 x 10~ 7 (3-30 keV) 


PT 


~1000 


6 x 10 39 


kT ~ 100-5^ 




1998-10-28 


4.8 x 10" 5 (>15 keV) 


B 


4 


2 x 10 41 


kT 22 


A01 


2001-04-18 


1.2 x 10~ 4 (40-700 keV) 


PT 


40 


3 x 10 43 


kT 30 


G04 


2001-04-28 


8.7 x 10- 6 (25-100 keV) 


B 


2 


10 42 


kT 21 


L03 




3 x 10~ 7 (2-20 keV) 


PT 


>3500 


8 x 10 39 


kT rsj 10 




2001-07-02 


1.9 x 10~ 5 (2-150 keV) 


B 


3.5 


5 x 10 41 


hT^B = 5 + 10 


O04 


SGR 1806-20 (d= 15 kpc) 


2004-12-27 


1.4 (>30 keV) 


IHS 


0.2 


5 x 10 46 


kT BB = 175 


H05 




5.5 x 10-3 (3-100 keV) 


PT 


380 


1.3 x 10 44 


kT ~ 15-30 




SGR 1627-41 (d= 11 kpc) 


1998-06-18 


7 x 10~ 4 (>15 keV) 


B 


0.5 


2 x 10 44 


kT ~ 150 


M99B 


XTE J1810-197 (d = 3 kpc) 


2004-02-16 


4 x 10~ 8 (>2 keV) 


B 


-0.3 


4 x 10 37 


kT BB = 7 


W05 




1.4 x 10~ 7 (>2 keV) 


PT 


>575 


1.4 x 10 38 


kT BB = 2.6 





^ IHS = Initial Hard Spike, PT = Pulsed Tail, B=burst. 

w In the range E>3 keV, assuming the indicated distances, and isotropic emission (when 
needed, the spectrum has been extrapolated to lower energy). 
( c ) Temperature of b remsstrahlung ( kT) o r black body (kT BB ) spectra. 



( d) Re ference s: API: lAptekar et all (1200 



(120051): 101: llbrahim et al 



(1200 if ): L03: 



lenters et al 



): G04: iGuidorzi et al.l (120041); H05: iHurlev et al. 



J2003 h: M99: iMazets et all dl999bh: 



M99B: iMazets et all Jl999ah : O04: blive et all (120041 ): W05: IWoods et all hoO& . 



( e ' Assumed value. 

^ Strong hard to soft spectral evolution. 
^ Fit with two blackbodies. 
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expected to maintain phase coherence across different bursts. We could not find strong 
evidence for a phase difference between the pulses of bursts n. 149 and n. 176, based on a 
backward extrapolation of the preliminary timing solution derived with Swift /XRT (Israel 
et a!., in preparation). 



4. Conclusions 

Thanks to the high sensitivity and uninterrupted coverage provided by the SPI-ACS in- 
strument, we could characterize the statistical properties of the bursts emitted by IE 1547.0- 
5408 in the few hours when the source display ed the most prono u nced activity duri ng its 



recent reactivation. The source is still active (IGolenetskiil l2009dl ; iKouveliotoul 120091 ) . but 



with a much lower bursting rate compared to that seen on 2009 January 22. 

We showed that, despite the apparent similarity to giant flares, the bright and pulsed 
bursts observed from IE 1547.0-5408 involved a smaller energy and are most likely related to 
ordinary bursts. The total fluence measured from the 125 bursts emitted from 4:30 to 7:00 
UT is 5.2 x 10~ 4 erg cm -2 (25 keV-2 MeV). A fraction of the soft X-rays associated with 
these bursts was forward-scattered along a somewhat longer path by interstellar dust grains, 
and detected in the form of expanding rings by several X-ray satellites about a day later. 
Detailed modelling of these data will allow us to constrain the distance of IE 1547.0-5408 
(Tiengo et al., in preparation). 

The properties of the bursts from IE 1547.0-5408 are typical of sources classified as 
SGRs. Indeed, if this AXP had not been previously known from X-ray and radio obser- 
vations, it would have been named as a new SGR following the January 22 bursts. This 
underlines once more that the distinction between these two classes of neutrons stars is not 
based on physical properties of the sources, which are most likely explained by the same 
model. 
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